
HETEROCYCLES. Val. 34. No. 2. 1992 273 

SYNTHESIS AND FLUORESCENT PROPERTIES OF NEW HETEROBIFLlNCTlONAL 

FLUORESCENT PROBES 

Thierry Besson. Benoit Joseph. Pascale Moreau, Marie-Claude Viaud. Gerard Coudert, and 

G6rald ~uillaumet* 

Laboratoire de Chimie Bioorganique et Analytique, URA CNRS 11.499, 

Universitb d'orltans. BP 6759,45067 Orltans Cedex 2. France 

Abstract - Heterobifunctional fluorescent molecules possessing the same fluorescent properties as 

their monofunctional parent compounds are investigated Two different functions of these probes 

do not alter their lasing properties and allow many potential applications in ccllular biochemistry. 

This paper investigates two families of compounds derived from carbazole and coumarin. The 

synthesis and spectral propenies of these probes are described. 

current fluomcentreagents used in the synthesis and application of various fluomgenic  substrate^.^.^ 
They possess the basic requirements for use in fluorogenic enzyme substrates which have a relatively high 

quantum yield and a high shift of the emission spectrum of the free amine upon hydrolysis of the acyl 

deri~ative.~. Their amine function can react with carboiylic ends of short peptides such as enzyme susbtratcs 

to form fluomgenic probes leading to a number of biological applications.5-8 
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l a :  R = H (AEC) 

Ib: R = CH,CO 

RHN a. 
2a: R = H (AMC) 

2b: R = CH,CO 

Far example, peptide derivatives in which a fluorescent amine is released upon proteolysis are currently the 

best tools for the assay of exvemely low pmtease activities3 and these compounds can be used in 

histoenzymatic methods in order to visualize in sit" certain proteases and peptida~es.~ However, use of 

fluomgenic reagents is limited due to the relatively low molecular weight of the complex. This causes a 

diffusion of the released probe which does not remain at the target enzyme and a drop in the in situ detection 

sensitivity. 

The use of heterobifunctional fluorescent compounds bearing an amino group and a carboxylic function can 

resolve this problem. The amine function can react with the carboxylic ends of peptides and the carboxylic 

group of the probe can form bridges with side chains of polymers or lateral chains of aminoacids in canier 

proteins. 

The fixation of certain enzymc substrates on a molecular support (such as a polymer) considerably increases the 

molecular weight of the substrate thus allowing a concenuation of the fluorescent entities released at the 

location of the protease. In situ detection sensitivity for peptidases and proteases is then improved because of 

increased fluorescence. 

By shldying various biological systems, we hope to develop a series of fluorescent reagents employing 

heterobifunctional molecules as key fluorophores. These products, derived from 3-amino-9-ethylcarbazole (la) 

and 7-amino-4-methylcoumarin (la), should conserve the fluorescent properties of their parent compounds. 

This paper describes their synthesis and spectral properties which are compared with those of l a  and Za. 
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RESULTS AND DISCUSSION 

For the synthesis of the carbawlyl derivatives, two methods were tested. In method A, we had expected to 

obtain the 3-nimcarbarole (4) without protection of the carbazole niuogen10 with a better yield (Scheme 1). 

Scheme 1 

method A 

(36' - 4ob %) 

* O Z N ~  N 

I I 
H 

H 

' : I) NaN02, HCI / HNO,, PhNO*; 2) 10% KOH in ethanol 
: I) NaN02. CH.COOH; 2) HNOl ICH&OOH: 3) 10% KOH in ethanol 

However, these procedures were not satisfactory and, in method B, protecting the carbazole niuogen before 

nitration is necessary (Scheme 2). 

Scheme 2: method B 

8a : R = CH, (82"h) 

8b : R = CH,Ph (95%) 
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Substitution occurs with a Michael condensation using 3 and acrylonihile in the presence of a base. The use of 

sodium ethoxidc did not provide the desired product with a good yield (30%). In contrast, the procedure 

described by  hitm more" using benzylhimethylammonium hydroxide (triton B) provided an excellent yield 

(95%). The niuation of the 9-cyanoethylcarbarole (5) in position 3 was easily obtained by treatment with niuic 

acid in the prcscncc of n imknmne12 with a yield of 99%. 3-(3-Nitro-9-carbazolyl)propanenihile (6) was then 

saponified with a good yield (90%) by 10% sodium hydmxide.13 3-(3-Nim-9-carbazolyl)pmpanoic acid (7) 

was esterifid by a classical method14 using methanol or knry l  alcohol with a catalytic amount of sulfuric 

acid. Methyl and benzyl 3-(3-niuo-9-carbazolyl)propionate (Sa, 8b) were obtained with 82 and 95% yields 

respectively. The 3-amino derivatives (9a, 9b) were not easily obtained and several methods were hied.15-17 

Many of them did not produce the desired compound but some variations of a procedure using hydrarine 1 

Raney nickel18 were applied in several solvents and provided 9b with yields between 30 and 80%. The best 

method, derived from a method described by Bellamy er provided the desired product with good yields 

(6482%). 

The N-acylated products (10a) and (lob) were obtained from 9b by classical methods.20 The aatment  of 9a 

and 9b by acetic anhydride in pyridine provided the compounds (10a) and (lob) with a good yield (90.98%). 

The stining of 9b with N-protected L-alanine in the presence of hydroxyknzohiawle (HOBt) and 

dicyclohexylcarbodiimide (DCCI) provided 10c with a yield of 90% (Scheme 3). 

Scheme 3 

SnCI,/ ethyl acetate 

Ba. 8b 

(64 - 82 %] 

R'COHN 

(R'CO),O 

(90 - 98 %) 

10a : R = CH.. R' = CH. ~ " .  - <  

9a : R = CH, lob : R - CH,Ph. R' - CH. 
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RCOHN 

RCOOH 

These compounds were easily debenzylated with hydrogen in the presence of PdlC as catalyst. This method 

provided l la  and I l b  with a good yield of 90% (Scheme 4). 

Scheme 4 

RCOHN 
Hz, Pd 1 C 

(90 %) 

*m N 

I 

The carbazole derivatives obtained were used as fluorescent model compounds in specual studies. 

7-Amimcoumarin derivatives. 

The key staning compound of a series of azidocaumarins was the ethyl 7-aminocournarin-4-acetate (13b) wich 

was described by Kanaoka er dZ1 This compound was obtained with a yield of 41% after stirring 3- 

ethoxycarbonylaminophenol (12) and diethyl acetonedicarboxylate in 75% sulfuric acid and the precipitation of 

the product with ice water. In our method dimethyl acetonedicarboxylate and 12 was also used as staning 

products by stirring without solvent but with a catalytic amount of sulfuric acid. After thiiy minutes a white 

precipitate was formed and methyl ester (13a) was crystallized in ethanol with a yield of 66%. The ethyl ester 

(13b) was synthesized by our method with a 65% yield. 

It was observed that the reaction did not occur with the ftee aminophenol and that the use of a 
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carbethoxyaminophenol was necessary for this synthesis. In our method, 7.ethoxycarbonylamino-4- 

methylcoumarin (14) was probably formed after the partial decarboxylation of the dimethyl or 

diethylacetonedicarboxylate in the presence of sulfuric acid. The producu obtained could be separated by flash 

chromatography for the methyl ester (13a) or by hplc for the ethyl ester (13b) (Scheme 5) ,  

Scheme 5 

CH3 

Compound (13a) was then saponified with 10 equivalents of sodium hydroxide in water. 7-Aminocoumarin-4- 

acetic acid (15) was obtained in 78% yield (instead of the 51.8% yield previously published21). The acid 

function of 15 could easily be esterified to provide 16a (81%) and 16b (83%) by a method described for the 

protection of amino acidsz2 (this method was successfully used in the ester formation of coumarins beating a 

carboxylic acid function23) (Scheme 6). 
Scheme 6 

NaOH 

- dooH ROH, DMAP / EDCI 
138 

(78 %) H,N (83 %) 

15 
16a:R=CH, 

In preliminary studies on the reactivity of the caumarin amino acid (IS), we observed that the coumarin acid 

function could easily react in classical coupling reactions with free amine functions. By contrast, it was 
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impossible to protect the coumarin amine function by classical t-butoxycarbamates using methods improved 

with other amino acids.24. 25 The reactivity of this heterocyclic amine function appeared to be so poor that the 

coumarin acid function could react with another free amine without any competition between the two amines in 

solution. This was confirmed in the synthesis of compounds (17a) and (17b) obtained with a yield of 78% after 

treatment of 15 with a C-protected benrylglycine or with hexylamine in presence of hydroxybenwtriazole 

(HOBt) and dicyclohexylcarbodiimide (DCCI) (Scheme 7). 

Scheme 7 

Products (Ma, 18b, and 19) were easily provided by acylation of 16a, 16b, 17% respectively (Scheme 8). 

Compound (16b) and its acyl derivative (18b) served as model compounds in the spectral studies and the 

spectral data were compared with those of the carbarale benzyl ester derivative. 

pyridine 
18a:R=CH3 

16a. 16b 
18b : R = CH,Ph 

(81 %) CH3COHN 

pyridine 

17a - 
(66 %) CH3COHN 
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Table : Spectral data of some compounds (in ethanol). 

Compounds UV Loge Fluorescence Quantum yielda 

h max (nm) X max (nm) 

lab 360 3.39 460 

l b  304 3.34 390 

2a 354 4.07 435 0.88C 

2bd 328 3.60 385 0.23 

9a 363 3.32 440 0.30 

9b 363 3.39 459 0.25 

a Calculated by a method previously described.26. 27 based on avalue of 0.55 for quinine sulfate.28 

Spectral data previously published3 

Data previously published by Still ef a/.29 

Obtained by*atment of Za with acetic anhydride in the presence of pyridinc. 

In accordance with the value of 0.83 published by Kanaoka 



HETEROCYCLES, Vo l  34, No. 2. 9 9 2  28 1 

Fluorescenrproperties 

Our studies show that the two heterobifunctional amines and their acyl derivatives mimic perfectly the 

fluorescent properties of l a  and 2a (Table). They have an excellent bathochmmic effect and a sufficiently large 

overlapping of the absorption and emission spectra. We observed a good shift of the emission specmm of the 

free amines in comparison with their acyl derivatives. This explains why at the wavelength emission of the iiee 

mine, the fluorescence of the N-acylated compounds can be considered insignificant This is one of the basic 

requirements for use in fluorogenic enzyme substrates. The spectral data of compounds (9b, lob and 10c) show 

that the synthesized compounds possess the same chmcteristics as their parent compounds (la) and (lb). 

As expected, o w  study of heterobifunctional coumarins bearing a carboxylic function directly on the coumxin 

ring?? the presence of one carbon between the caumain ring and the carboxylic function was sufficient 

enough to reduce the influence of the acid function thus inducing good lasing properties of these compounds. 

Comparison of the two predominant products (9b) and (16b) showed that the absorption and the emission 

spectra of the two types of probes are nearly the same, but their quantum yields are very different. The 

coumarin derivatives appear to be the best products for detection using "blue" fluorescence in appeamnce. 

The spectral data of 16a. 16b and 17a do not indicate any influence of the acid function substituent on 

fluorescence. The molecules synthesized present the same fluorescent properties as the 7-amino-4- 

methylcoumarin (2a) which is the most useful commercial probe. 

The existence of two different functions on these probes and their amactive fluorescent properties suggests a 

number of applications, and some of these dyes will be used to smdy certain cellular and biological systems, 

especially in siru detection of 

EXPERIMENTAL 

Melting points are uncorrected. The ir spectra were obtained by using a Perkin-Elmer 196 and the IH nmr 

spectra were recorded at 300 MHz on a Bruker AM 300WB spectrometer. Chemical shifts are reported in pans 

per million downfield from tetramethylsilane (6 units). Analytical thin layer chromatography (tlc) was 

performed on Merk 60F-254 silica gel plates. Preparative column chromatography was performed by using 

Merck silica gel 60F (70-230 mesh). Mass spectra were measured on a Nermag R-10-IOC specmmeter, 
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absorption spectra were mn on a Hitachi U-2000 spectrophotometer and fluorescence spectra at room 

temperature on a Shimadzu RF-500 fluorimetcr. 

9-Cyanoerhylcarbazole (5) 

A solution of carbazole (3) (5 g. 20 mmol) in acrylonivile (9.5 ml, 144 mmol) is cooled with stirring in an ice 

bath. N-benzyltrimethylammonium hydmxide (triton 9.0.06 ml. 0.33 mmal) is added and the reaction mixture 

is stirred for 20 min at O'C. The pale yellow mass obtained is stirred for 1 h at room temperature and the 

precipitate formed is collected by fluation. washed and dried to provide 4.18 g (95%) of 5 as pale yellow 

cubes: mp: 153-15SC (from isopropanol): ir (KBr): 2240 (CN) cm-I; IH nmr @MSOdd 6 = 3.04 (t, J = 6.91 

Hz, 2H, -CH2CN), 4.73 (1, J = 6.91 Hz, 2H, NCHZ-1, 7.23 (t, J = 7.70 Hz, 2H, H,,,,), 7.46 (I, J = 7.70 Hz, 

2H, Ha,,,,), 7.71 (d. J = 7.70 Hz, 2H. Ha,, 1.8.15 (d, J = 7.70 Hz, 2H, H,,,); ms: (Mz) 221 (M+). Anal. 

CalcdforCI5Hl2N2: C. 81.79; H, 5.49; N, 12.72. Found: C, 81.75; H, 5.47; N, 12.75. 

3-(3-Nirro-9-carbainlyl)prop~1nenirrile (6) 

A solution of 5 (5 g, 22 mmol) in niuobenzene (50 ml) is stirred at room temperature. Fuming nimc acid (2 ml) 

is added and the mixture is stirred at the same temperature for 1 h. The excess of niuobenzene is eliminated by 

steam distillation and the precipitate obtained is filtered, washed and dried to give 5.72 g (98%) of 6 as orange 

plates: mp: 230-232.C (from isopropanol); ir (KBr): 2240 (CN), 1450 (NO2) cm-I; 'H nmr (DMSO-d6): 6 = 

3.09 (1, J = 6.32 Hz, 2H, -CH2CN), 4.84 (t, J = 6.32 Hz, 2H, NCH2-), 7.35 (1, I = 7.73 Hz, IH, Harem), 7.83 

(d, J = 7.73 Hz, lH, Hum,), 7.92 (d, 1 = 7.73 Hz, IH, Horn,,], 8.35 (dd, J1,2 = 8.73 Hz and J2,4 = 2.69 Hz, 

IH, HZ), 8.40 (d, J1 2 = 8.73 Hz, 1H. HI), 9.16 (d, JZs4 = 2.69 Hz, IH, H4); ms: (Mz) 266 (M+). Anal. Calcd 

forClSH11N302: C, 67.92; H, 4.18: N, 15.84. Found C, 67.96; H, 4.15; N, 15.86. 

3-(3-Nitro-9-carbozolyl)propanoic acid (7) 

A solution of sodium hydroxide (2.5N NaOH, 30 ml) is added to a solution of 6 (2 g, 7.5 mmol) in ethanol (30 

ml). The mixture is heated at 8O'C for 2 h to give a red limpid solution. After cooling, the solution obtained is 

washed twice with ether. The aqueous phase is then acidified to pH 2-3 with concenuated sulfuric acid. The 

green precipitate formed is collected by filtration, washed and dried to give 1.92 g (90%) of 8 as a green 

powder; mp: 240'C (from isoprapanol); ir (KBr): 3500-3000 (OH), 1490 (NO2) cm-l; IH nmr (DMSO-d6): 6 

= 2.81 (I, J = 6.71 Hz, 2H, -CHZCOOH), 4.70 (t, J = 6.71 Hz, 2H, NCHZ-), 7.31 (t, J = 7.70 Hz, IH, Harem), 
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7.58 (t, J =7.70 Hz, lH, H,,,), 7.76 (d, J = 7.70 Hz, lH, H ,,,, ), 7.83 (d, J =  7.70 Hz, lH, Ha,,), 8.34 

(dd,J1,2=8.69 HzandJZs4=2.37 Hz, IH, HZ). 8.40 (d, J1,2 = 8.69 Hz, lH, H1),9.16 (d, J2,4 = 2.37 Hz, lH, 

Hq); ms: (mh)  285 (M'). Anal. Calcd for CI5H12NZO4: C, 63.38; H, 4.25; N, 9.85. Found C, 63.42; H, 4.22; 

N, 9.81. 

Methyl 3-(3-nitro-9-carbaiolyI)propion~re @a) 

A solution of 7 (0.5 g. 1.7 mmol) in methanol (50 ml) is stirred at 90'C for 4 h with a catalytic amount of 

concentrated sulfuric acid (5 drops). The solvent is removed by evaporation in vacuo and the desired product is 

purified by column chromatography with 5% methanol in methylene chloride as the eluent. The solvent is 

evaporated to give 0.415 g (82%) of 8a as a yellow powder; mp: 108'C (from isopropanol); ir (KBr): 1710 

(ester), 1490 (NO2) cm-l; IH nmr (CDCI3): 6 = 2.91 (t, J = 6.91 Hz, 2H, -CHZCOOMe), 3.64 (s, 3H, 

COOCH3), 4.69 (t, J = 6.91 Hz, 2H, NCH2-), 7.36 (t, 1 = 7.30 Hz, lH, H,,,), 7.46-7.63 (m, 3H, Ham,), 

8.13 (d, J l 2  = 8.08 Hz, lH, HI), 8.38 (dd, J1,2 = 8.08 Hz and J z , ~  = 1.98 Hz, IH, Hz), 8.97 (d, J1 4 = 1.98 Hz, 

IH, H4); ms: ( d z )  299 (M'). Anal. Calcd for Cl6HI4N2O4: C. 64.43; H, 4.73; N, 9.39. Found C, 64.40: H, 

4.75; N, 9.37. 

Benzyl3-(3-nirro-9-carbaioIyI)p1'opionore (8b) 

A solution mixture of 7 (1 g. 3.52 mmol) and concennated sulfuric acid (5 drops) in benzyl alcohol (15 ml) is 

heated at 90'C for 10 h in the presence of benzene (5 ml). After cooling the organic phase is washed twice with 

a sahlrated solution of sodium carbonate and the excess of benryl alcohol is eliminated by evaporation under 

reduced pressure. The product is purified by calumil chmmamgtaphy with gradual ratio of ethyl ether in 

pemleum ether as the eluent. The solvent is evaporated in vacuo to provide 1.15 g (87%) of 8b as pale yellow 

plates; mp: 124T (from isopropanol); ir (KBr): 1710 (ester), 1490 (NO2) cm-l; IH n m  (DMSO-dd: S = 2.98 

(t, J = 6.71 Hz, 2H, -CHZCOOBn), 4.79 (t, J = 6.71 Hz, 2H, NCHZ-), 4.97 (s, 2H, -COOCHZPh), 7.14-7.19 (m, 

2H.H ,,,, ),7.25-7.29(m,2H,Ha,,),7.35(t,J=7.90Hr, 1H.H ,,,, ),7.58(f J=7.90Hz,  lH,Hamm), 

7.74(d, J=7.90 Hz, IH, H,,,), 7.81 (d, J =7.90 Hz, IH, H,,,), 8.31 (dd, JIs2=8.29 Hzand J2,4=2.37 

Hz, IH, HZ). 8.40 (d, 1 1 , ~  = 8.29 Hz, lH, HI), 9.16 (d, JZB4 = 2.37 Hz, IH, H4); ms: (W) 375 W+). Anal. 

Calcd for C22HI8N2O4: C. 70.58: H, 4.84; N, 7.48. Found C, 70.60; H, 4.81; N, 7.49. 
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Methyl 3-(3-amino-9-carbazolyl)propionate (9a) 

A mixhue of Sa (0.5 g. 1.6 mmol) and SnC12 (2 g, 8 mmol) in methanol (10 ml) is refluxed for 4 h. After 
I 

cooling the amine function is nleased by addition of 10% sodium hydroxide. The tin salt is eliminated by 

filwtion and the limpid solution obtained is washed twice with methylene chloride. Thc organic phase is 

evaporated Io dryness and the pmduct is purified by column chromatography with methylene chloride / 

methanol (955) as the eluent to give 0.29 g of 9a (64%); mp: 108'C (from isopmpanol); ir (KBr): 3390 WJHZ). 

1710 (ester) cm-l: IH nmr (DMSO-d6): 6 = 2.76 (t, J = 6.75 Hz. 2H, -CH2COOMe), 3.51 (s, 3H, COOCH3), 

4.54 (t, J = 6.75 Hz, NCH2-), 6.53 (dd, JlS2 = 8.49 Hz and J2,4 = 2.73 Hz, IH, HZ), 7.07 (t, 1 = 7.70 Hz, IH, 

Harem,), 7.24 (d, J2.4 = 2.73 Hz, lH, H4), 7.27 (d, J = 7.70 Hz, lH, Ha,,), 7.48 (d, J = 7.70 Hz, IH, 

Ha,,), 7.91 (d, J1,2 = 8.49 Hz, 1H. HI); ms: (dz) 269 (M+). Anal. Calcd for CI6Hl6N2O2: C. 71.63; H, 

6.01; N, 10.44. Found C, 71.60: H, 6.03; N, 10.42. 

Benryl3-(3-amino-9-carbaroly1)propinnate (9b) 

As previously described for 9a, a mixture of 8b (1.23 g, 3.30 mmol), SnC12 (5.37 g, 18.3 mmol) in ethyl acetate 

(15 ml) is refluxed for 10 h. The cooled solution is treated as for the methyl ester (9a) and the product is 

purified by column chromatography with gradual ratio of ethyl ether in petroleum ether as the the eluent. The 

solvent is eliminated by evaporation in vncsn to provide 0.83 g of 9b (82%) as pale brown plates; mp: 80'C 

(from isopmpanol); ir (KBr): 3390 (NH2). 1710 (ester) cm-l; IH n m  (DMSO-d6): 6 = 2.82 (t, J = 6.71 Hz, 

2H, -CH2COOBn), 4.56 (t J = 6.71 Hz, 2H, NCH2-), 4.75 (s, 2H, NH2). 4.97 (s, 2H, -CH2Ph), 6.80 (dd, J 1 , ~  

= 8.29 Hz and J2.4 = 2.37 Hz, IH, H2), 7.07 (t, l = 7.70 Hz, lH, Ha,,), 7.17-7.22 (m, 2H, Hare,), 7.26- 

7.36 (m. 5H, Ha,,). 7.36 (d, J = 7.70 Hz, IH, Ha,,,), 7.92 (d, J = 8.29 Hz, IH, HI); ms: (m/z) 345 (M+). 

Anal. Calcd for C22H20N202: C. 76.72; H. 5.85; N, 8.13. Found C, 76.70: H, 5.82; N, 8.15. 

Benryl3-(3-acetomido-9-carbazolylJpropion(1te (lob) 

A solution of 9b (0.08 g, 0.23 mmol) and acetic anhydride (0.65 ml, 0.69 mmol) in pyridine (2 ml) is stirred at 

room temperature for 10 h. To the solution obtained, methanol (1 ml) is added at O'C to hydmlyze the excess 

acetic anhydride. After 15 min of stirring, the solvent is evaporated Lr vacua. The pde brown product obtained 

is then washed with methylene chloride and dried to provide 0.98 g of lob  (99%); mp 158'C (from 

isopropanol); ir (KBr): 3390 (NH), 1710 (ester) cm-I; 'H n m  (CDCI3): 6 = 2.26 (s, 3H, COCH3, 2.92 (6 J = 

7.11 Hz, 2H, -CH2COOBn), 4.65 (t, J = 7.11 Hz, 2H, NCH2-), 5.08 (s, 2H, -CH2Ph), 7.20-7.50 (m, 10H, 
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Ha,,), 8.06 (d, J1,2 = 7.9 Hz. lH, HI), 8.31 (d, J2,4 = 1.18 HZ, lH, H4): ms: (4~) 387 (M+). And. Calcd 

for C24H22N203: C, 74.60; H, 5.74; N, 7.25. Found C, 74.63; H, 5.70; N, 7.22. 

Benryl3-(N-lBoc-L-alanine-3-amido-9-carbaiolyl)propionale (10c) 

A solution of terbutoxycarbonyl-L-Alanine (0.027 g, 0.15 mmol) in dimethylfomamide (4 ml) is stimd at O'C 

in the presence of hydmxybenzouiazole (HOBt, 0.02 g, 0.15 mmol) and dicyclohexylcarbodiimide (DCC, 

0.033 g, 0.15 mmol). After stirring for 5 min, 9b (0.05 g, 0.15 mmol) is added and the mixture is stir~ed at O'C 

for 2 h and at room temperature for 10 h. The white precipitate of dicyclohexylurea is eliminated by filmtion, 

the solvent is evaporated in vacuo and the pmduct is purified by column chromatography with ethyl acetatel 

cyclohexane (55) as the eluent The solvent is evaporated to provide 0.072 g (93%) of 10c as a viuous 

colorless syrup: ir (film): 3500-3000 (COOH), 1710 (C=O) cm-I; IH nmr (DMSO-d6): 6 = 1.29 (d. J = 7.11 

Hz, 3H, CH-CH3), 1.39 6, 9H, -C(CH3)3), 2.89 (t, J = 6.64 Hz, ZH, -CH2COOBn), 4.16 (t, J = 6.87 Hz, CH, 

(Ala)), 4.65 (t, J = 6.64 Hz, 2H. NCHZ-), 4.96 (s, ZH, -CH2Ph), 7.00 (d, J = 7.19 Hz, lH, tBOC-NH-), 7.14- 

7.31 (m,7H, Ha,,), 7.41 (t, J = 7.19 Hz, IH, Ha,,), 7.41-7.54 (m. ZH, Harem), 8.04 (d, J12 =7.70 Hz, 

IH, Hi), 8.40 (s, lH, Hq), 9.89 (s, IH, NH,,,): ms: ( d z )  516 (M+). Anol. Calcd for C30H33N305: C. 

69.99: H.6.45; N, 8.15. FoundC, 69.95: H.6.42: N, 8.17. 

3-(3-Acelamido-9-carbarolyl)propionic acid ( l la)  

A solution of 10a (0.176 g, 0.45 mmol) in dirnethylfarmamide (4 ml) is stirred in a low pressure of hydrogen in 

the presence of 10% of Pd/C (0.01 g). After stirring for 4 h. the solution is filtered on celite, the solvent is 

eliminated by evaporation and the pmduct is purified by column chromatography with methylene chloride I 

methanol (91) as the eluent. The solvent is evaporated to dryness to give 0.12 g (90%) of l l a  as a viuous 

sirup; u (KBr): 3500-3000 (COOH). 1700 (C=O) cm-l: I H  n m ~  (DMSO-d6): S = 2.09 (s, 3H, CH3CO-), 2.66 

(5 J = 6.8 Hz, ZH, -CH2COOH), 4.58 (t, J = 6.9 Hz, 2H, NCH2-), 7.16 (t, J = 7.2 Hz, IH, Ha,,), 7.43 (f J =  

7.2 Hz, IH. Haram), 7.52 - 7.63 (m. ZH. Ha,,), 8.02 (d, J1 2 = 7.2 Hz, IH, HI) 8.36 (s, lH, Hq). 9.94 (s. 

1H. NH,,,); ms: ( d z )  297 (M+). Anal. Calcd for CI7Hl6N2O3: C. 68.91; H, 5.44, N, 9.45. Found C, 

68.93; H, 5.43; N, 9.42. 
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3-(N-tBoc-L-olanine-3-amido-9-~arbazolyI)pr0pionic acid ( l lb)  

A solution of lob (0.176 g, 0.34 mmol) in dirnethylfomamide (3 ml) is stirred in a low pressure of hydrogen in 

presence of PdK (10% Pd, 0.05 g). The hydrogenolysis occurs during 4 h and the solution is filtered on celite. 

The solvent is eliminated by evaporation and the product is purified by column chromatography with ethyl 

ether 1 petrol ether (3:7) as the eluent. The solvent is removed by evaporation in vacuo to provide 0.131 g 

(90%) of l l b  as a vitrous colorless sirup; ir (film): 3500-3000 (COOH) cm-I; IH nmr (DMSO-d6): 6 = 1.28 (d. 

I = 7.11 Hz, 3H, CHa-CH3), 1.38 (s, 9H, -C(CH3)3), 2.71 (L J = 6.91 Hz, 2H, -CH2COOH), 4.16 (t, I = 6.91 

Hz, 1H. CHa(Ala)),4.59 (t, J = 6.91 Hz, 2H. NCH2-h6.98 (d, J=6.64Hz, IH, tBOC-NH-),7.17 (t, J=7.58 

Hz, H a,om J7.42 (t.1 = 7.58 Hz, IH, Ha,,,), 7.55-7.59 (m, 2H, Ha,,), 8.04 (d, 11,2=7.58 Hz, IH, HI), 

8.37 (s, IH, Hq), 9.87 (s, IH, NH,,,): ms (mlz) 426 (M+). A , d .  Calcd for C23H27N305: C. 64.93: H, 6.40: 

N, 9.87. Found C, 64.95; H, 6.38: N. 9.90. 

Methyl 7-e:hoxycarbonylnminocouma1~in-4-acer~rc (13a) 

A mixture of m-ethoxycarbonylaminophenol (12) (1 g. 5.52 mmol) and dimethylacetonedicarboxylate (0.9 ml, 

5.52 mmol), is heated with stirring for 10 min at 90°C. Sulfuric acid (0.1 ml) is added and the yellow mixture is 

stirred for 30 min at 90'C to give a pale yellow mass. After cooling. the colorless residual solid is dissolved in 

methylene chloride and the product is purified by flash chromatography on a column of silica gel 60 (230-400 

mesh) with cyclohexan I ethyl acetate (7:3) as the eluent. The solvent is removed by evaporation to give 1.1 g 

(66%) of 13a as colorless cubes: mp: 174'C (from ethanol); ir (KBr): 3280 (NH), 1710 ( G O )  cm-I: IH nmr 

(DMSOd6): 6 = 1.26 (t, I = 7.11 Hz, 3H, CH2-CH3), 3.64 (s, 3H, COOCH3), 3.96 (s, 2H, -CH2COOMe), 

4.18 (q, I = 7.11 Hz, 2H. CHZ-CH$, 6.33 (s, IH, Hj), 7.38 (dd, 15,6 = 9.08 Hz and JgX8 = 2.37 Hz, IH, H6), 

7.55 (d, J6,8 = 2.37 Hz, lH, H X )  7.62 (d, 15.6 = 9.08 Hz, lH, H5), 10.13 (s, IH, EtCONH): ms: ( d z )  306 

(M'). Anal. Calcd forCI5Hl5NO6: C. 59.03; H, 4.94; N, 4.59. Found C. 59.05: H, 4.90: N, 4.56. 

Elhyl7-erhoxycarbonylominocoumarin-4-acelare (13b) 

As described for the methyl ester, 12 (2.36 g, 13.0 mmal), diethylacetonedicarboxylate (2.1 ml. 14.3 mmol) are 

heated at 90'C in the presence of traces of H2S04 (0.1 mi). A mixture of 13b (2.69 g, 65%) and 14 (7%) is 

obtained (in accordance with the n m r  and hplc analysis). The colorless mass can be dissolved in hot ethanol and 

after cooling the white precipitate formed is purified by filtration, washed and dried to provide 2 g (49%) of 

pure 13b: mp: 180°C (from ethanol); ir (KBr): 3290 (NH), 1710 (C=O) ~ m - l ; ~ ~  nmr (DMSO-dd: 6 = 1.18 (t, 
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J = 7.11 Hz, 3H, COOCH2CH3), 1.26 (t, J = 7.1 1 Hz, 3H, 0CH2CH3), 3.95 (s, 2H, -CHZCOOEt), 4.1 (q, J = 

7.1 1 HZ, 2H. COOCH2CH3), 4.19 (4, J = 7.1 1 Hz, 2H. 0CHZCH3), 6.34 (s, lH, H3), 7.39 (dd, J5,6 = 8.90 Hz 

andJ68 = 1.80 Hz. H, H6),7.56 (d, J6,8 = 1.80 Hz, 1H. H8), 7.62(d.J5,6 = 8.90Hz. IH, H5), 10.14(s, IH, 

CONH); ms: (mb) 320 (M+). Anal. Calcd for CI6Hl7NO6: C, 60.19; H, 5.37; N, 4.39. Found C, 60.22; H, 

5.34; N, 4.36. 

7-Ethorycarbonylamino-4-merhylcournarin (14) 

This compound is obtained as a secondary product in the synthesis of 13c and 13b with a yield of 5 and 7%; 

mp: 188'C (from ethanol); ir (KBr)): 3290 (NH), 1710 (C=O) cm-l, IH n m  (DMSO-d6): 6 = 1.26 (t, J = 7.11 

Hz, 3H, 0CH2CH3), 2.37 (s, 3H, CH3L 4.16 (q, J =7.11 Hz. 2H, 0CHZCH3), 6.21 (s, IH, H3), 7.41 (dd, 15.6 

= 8.69 Hz and J6,8 = 1.97 Hz, IH, H6), 7.54 (d, J6 8 = 1.97 Hz, 1H. H8), 7.66 (d, JSx6 = 8.69 Hz, IH, H5). 

10.09 (s, IH, CONH); ms (mlz) 248 (M+). Artol. Calcd for Cl3HI3NO4: C, 63.16; H, 5.30; N, 5.66. Found C, 

63.18; H. 5.28; N, 5.70. 

7-Arninocownarin-4-acetic acid (15) 

A mixture of 13a (0.5 g. 1.56 mmol) and NaOH (0.624 g. 15.6 mmol) in water (10 ml) is heated under reflux 

for 12 h. After cooling, concentrated sulfuric acid is added until a brown precipitate is formed. Water is 

removed by evaporation and the product is purified by column chromatography with gradual ratio of methanol 

in methylene chloride as the eluent. The solvent is evaporated to give 0.27 g (78%) of 15 as orange cubes; mp: 

255'C (decamp.) (from ethanol); ir (KBr): 3440-3380 (NH2). 1710 (C=O) cm-I; IH nmr (DMSO-dd: 6 = 3.52 

(s, 2H, -CH2COOH), 5.97 (s, IH, Hj), 6.41 (d, J6,8 = 2.27 Hz, IH, Hz), 6.54 (dd, J5,6 = 8.69 Hz and J6,8 = 

2.27 Hz, IH, H6), 7.23 (d. 15.6 = 8.69 Hz, IH, H5); ms ( d z )  220 (M+). Anal. Calcd for CI  ]H9N04: C, 60.28; 

H.4.14;N. 3.39. FoundC.60.30; H.4.10; N, 3.40. 

Methyl 7-aminocownarin4-acetarz (16a) 

A solution of 15 (0.05 g, 0.228 mrnol), 4-dimethylaminopyridine @MAP. 0.014 g, 0.114 mmol) in methanol (2 

ml) is cooled by stirring in an ice bath. 1-Ethyl-3-[3-(dimethylamino)pmpyl]~arbodiimide hydrochloride 

(EDCI, 0.07 g, 0.25 mol) is added and the reaction mixture is stirred at O'C for 2 h and at room temperature for 

10 h. The solvent is removed by evaporation in vocun and the product is purified by column chromatography 

with rnethylene chloride Imethanol(95:S) as the eluent. 7he solvent is evaporated to dryness to provide 0.044 g 
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of 16a (83%) as a yellow powder; mp: 180.C (from ethanol): ir (KBr): 3440-3340 (NHZ), 1710 ( G O )  cm-I; 

'H nmr (DMSO-d6): 6 = 3.62 (s, 3H. COOCH3), 3.84 (s, ZH, -CH2COOMe), 5.98 (s, IH, H3), 6.15 (s, ZH, 

NHZ), 6.41 (d, J6,8 = 2.11 Hz, IH, Ha), 6.54 (dd, JgV6 = 8.81 Hz and J6,8 = 2.11 Hz, IH, H6), 7.22 (d, Jsr6 = 

8.81 Hz, IH, H5); ms: ( d z )  234 w+). Anal. Calcd for Cl2HI1NO4: C, 61.81; H, 4.75: N, 6.01. Found C, 

61.83: H, 4.73: N, 6.03. 

Benzyl7-amimcornarin4-acera1e (16b) 

As described far 16a. 15 (0.22 g, 1 mmol) is stirred in the presence of DMAP (0.062 g, 0.5 -01). EDCl 

(0.262 g, 1.1 mmol), in benzyl alcohol (5 ml). The product is purified by the method used for 16a to give 0.25 g 

(81%) of 16b as a yellow powder; mp: 187-188'C (from ethanol); ir (KBr): 3440-3340 (NH2). 1710 ( G O )  

cm-'; 'H nmr @MSO-d6): 6 = 3.91 (s, 2H, -CH2COOBn), 5.14 (s, 2H, -COOCH2Ph), 6.01 (s, IH, H3), 6.16 

(s, 2H, NHZ). 6.43 (d, J6,8 = 1.93 Hz, IH, Ha). 6.52 (dd, J5.6 = 8.85 Hz andJsS8 = 1.93 Hz, 1H, H6). 7.28-7.43 

(m, 6H, Ha,,); ms ( d z )  310 (M?. Anal. Calcd for C18H15N04: C, 69.90; H, 4.89; N, 4.53. Found C, 

69.92; H, 4.86; N, 4.56. 

Benzyl7-aminocownarin4-acernmidoncefarc (1%) 

A solution of 15 (0.1 g. 4.57 mmol) in dimethylformamide (5 ml) is stirred at O'C in the presence of HOB1 

(0.08 g, 5.03 mrnol) and DCC (0.104 g. 5.03 mmol). After stirring for 5 min, glycine benzyl ester-p-tosylatc 

(1.54 g, 5.03 mmol) and hiethylamine (0.7 mI. 5.03 mmol) are added. The mixture is stined at O'C for 2 hand 

at room temperature for 10 h. The white precipitate of dicyclohexylurea is eliminated by filtration and the 

solvent is evaporated to dryness. The mass obtained is dissolved in methylene chloride and the product is 

purified by column chromatography with methylene chloride I methanol (955) as the eluent. The solvent is 

removed in vacuo to give 0.132 g (79%) of 17a as a pale yellow powder; mp: 25O'C (from ethanol); ir (KBr): 

3440-3340 @GI2), 1710 (C=O) cm-l; 'H nmr (DMSO-d6): 6 = 3.63 (s, ZH. CH2CONH), 3.94 (d, J = 5.92 Hz, 

ZH, NHCH2(Gly)), 5.12 (s, ZH, COOCH2Ph), 5.97 (s, IH, H3), 6.10 (s, 2H, NH2), 6.41 (d,J6,8 = 1.76 Hz, IH, 

HsL6.53 (dd,J5,6 =8.69 Hz andJ6,8 = 1.76 Hz. IH, H6),7.30-7.40 (m, 5H, Hnmm),7.43 (d, J5,6 = 8.69 Hz, 

IH, H$,8.64 (t, J = 5.92 Hz, IH, CONH(Gly)). Ins: ( 4 2 )  367 (M'). Anal. Calcd for C20H18N205: C. 65.57: 

H, 4.95: N, 7.64. Found C, 65.58; H, 4.92; N, 7.66. 
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7-Aminocownarin-4-acetic acid hcrylamide (17b) 

As described for 16b. 15 (0.5 g. 2.28 mmol) in dimethylfonnamide (4 ml) is stirred for 2 h at O'C and 10 hat  

room temperature in the presence of HOBt (0.34 g, 2.51 mmol), DCC (0.52 g, 2.51 mmol) and hexylamine (0.3 

ml, 2.51 mmol). The solution is ueated the same way as for 17a and the product is purified by the same column 

chromatographical system to give 0.531 g (78%) of 17h as a pale yellow powder: mp: 195'C (from ethanol); u 

(KBr) : 3440-3340 (NH2), 1710 (C=O) cn-I: IH nmr (DMSO-d6): 6 = 0.81-0.94 (m, 3H, hexylamine), 1.18- 

1.44 (m, 8H, hexylamine). 3.04 (q, J - 5.92 Hz, 2H. CONH-CH2), 3.53 (s, 2H, CHZ-CONH), 5.92 (s, IH, H3), 

6.10(s,2H.NH2),6.41 (d, J68  =2.21 Hz. lH, H8),6.53 (dd. J.j6 = 8.53 Hzand J6,8=2.21 Hz, 1H,H8),7.42 

(d, = 8.53 Hz, IH, H5), 8.10 (t, l = 5.92 Hz, IH, CONH): ms: (mh) 303 (M+). Anal. Calcd far 

C17H22N203: C. 67.53: H.7.33: N. 9.26. Found C, 67.55: H. 7.32; N. 9.24. 

Methyl 7-acetamid0coumorin-4~~1cef~te (18a) 

A solution of 16a (0.044 g. 0.118 mmol) and acetic anhydride (1 ml, 0.940 mmol) in pyridine (3 ml) is s t i d  

for 10 hat room temperature. To the solution obtained, methanol (1 ml) is added at O'C to hydmlyre the excess 

acetic anhydride. The white precipitate formed is filtered. washed with 10% methanol in methylene chloride 

and dried to provide 0.042 g (81%) of 18a as a white powder; mp: 258-260 'C (from ethanol); ir (KBr): 3290 

(NH), 1710 (C=O) cm-I: 'H nmr (DMSO-6): 6 = 2.10 (s, 3H, NHCOCH3), 3.64 (s, 3H, COOCH3), 3.88 (s, 

2H. CH2COOMe), 6.37 (s, IH, H3), 7.43 (dd, = 8.69 Hz and J6,8 = 1.60 Hz. H, H6), 7.12 (d. = 8.69 

Hz, IH, H5), 7.78 (d, J6,g = 1.60 Hz. lH, Ha). 10.38 (s, IH. MeCONH): ms: ( 4 2 )  276 (M3. Anal. Calcd for 

CI4Hl3NO5: C, 61.10: H.4.76: N.5.09. FoundC.61.12; H,4.78; N,5.07. 

Benryl7-ocelamidocoumarin-4-acerm (18b) 

Using the same procedure described for Ma, 16h (0.05 g, 0.162 mmol) is treated by acetic anhydride (0.76 ml, 

0.81 mmol) in the presence of pyridine (3 ml) at room temperature for 10 h. After addition of methanol (1 ml), 

the product is purified by column chromatography with methylene chloride as the eluent. The solvent is 

evaporated to give 0.04 g (71%) of 18b as a white powder: mp: 198'C (from ethanol): u W r ) :  3290 (NH), 

1710 G O )  cm-I: IH nmr (DMSO-d6): 6 = 2.08 (s, 3H, NHCOCH3), 4.04 (s, 2H, CHZCOOBn), 5.15 (s, ZH, 

COOCH2Ph), 6.36 (s, IH, H3), 7.25-7.48 (m, 5H, Hamm), 7.59 (dd, J5,6 = 8.69 Hz and J6,8 = 1.67 Hz, IH, 

H6). 7.69 (d, J5 6 = 8.69 Hz, IH, H5)  7.77 (d, J6,8 = 1.67 Hz, IH, Hx). 10.36 (s, lH, MeCONH): ms (m/z) 352 

 anal. Calcd for CZ0Hl7NO5: C, 68.38: H, 4.87: N, 3.98. Found C, 68.40: H, 4.86; N, 3.99. 
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Benryl7-acetamidocownarin-4-oceturnido~cer~1re (19) 

Following the same procedure described for 18a. 17a (0.045 g, 0.122 mmol) is treated by acetic anhydride (1 

ml, 0.940 mmol) in the presence of pyridine (3 ml) at room temperature for 10 h. The purification of the 

product is the same as for 18a and provides 0.033 g (66%) of 19 as a white powder. mp: 249-250'C (from 

ethanol): ir (KBr): 3300 (NH), 1710 (C=O) cm-I; IH nmr (DMSO-d6): 6 = 2.08 (s, 3H, COCHd, 3.75 (s, 2H, - 

CHZCONH), 3.95 (d, J = 5.92 Hz, 2H, NHCHZ(Gly)), 5.11 (s, 2H, COOCH2Ph), 6.32 (s, lH, H3), 7.29-7.39 

(m, 5H, HOmm,), 7.42 (dd, 15.6 = 8.69 Hz and J6,8 = 1.58 Hz, IH, H6), 7.70 (d, = 8.69 Hz, IH, H5). 7.75 

(d, J63 = 1.58 Hz, IH, Ha), 8.69 (t, J = 5.92 Hz, lH, CONH(Gly)), 10.35 (s, IH, MeCONH); ms ( d z )  409 

(M'). Awl. Calcdfor C22H20N206: C, 64.73: H, 4.90; N, 6.86. Found C, 64.75; H, 4.88; N, 6.87. 
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